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A simplified method for the determination of lecithin in amniotic fluid by thin-layer chromatography is described. The results are similar to those found in previous reports and are suitable for the clinical prediction offoetallung maturity. Factors which may influence the interpretation of the results are discussed.
The possibility that amniotic fluid phospholipid concentrations could provide an indication of foetal lung maturity was first put forward by Nelson (1969) . The lecithin/sphingomyelin ratio in amniotic fluid has since been shown to be a good index of lung maturity (Gluck et al., 1971) . More recently the amniotic fluid lecithin concentration alone has proved to be a satisfactory indication of foetal lung maturity (Bhagwanani et al., I972a) .
In view of the high neonatal mortality due to the respiratory distress syndrome, phospholipid determinations are now required on amniotic fluids obtained from women in whom an early induction of labour may be obstetrically desirable.
The present method is a simplified procedure for the estimation of the lecithin concentration in amniotic fluid and has been found to give reliable results on a routine basis.
MATERIALS
Pre-spread thin-layer chromatography plates: Silica Gel G 20 x 10 ern and 0.250 mm thick. Supplied by Anachem Limited.
Developing solvent: chloroform/methanol/glacial acetic acid/water-(50/25/7/3 vlv). Reducing reagent: Add 0.5 g of l-amino-2naphthol-4-sulphonic acid to 195 ml of sodium bisulphite solution (15 g/100 ml), To this mixture add 5 ml of sodium sulphite solution (20 g /100 ml) and mix until dissolved. Standard phosphate solution: 5 mg P/loo ml.
All chemicals used were of A.R. grade unless indicated otherwise and deionized water was used throughout the procedure.
PROCEDURE

Lipid extraction
To 1.6 ml of uncentrifuged amniotic fluid, submitted to the laboratory for analysis within 2 h of collection, immediately add 4 ml of methanol and 2 ml of chloroform and shake for 10 min. Add a further 2 ml of chloroform and 2 ml of water in that order, shaking between each addition. Centrifuge to complete phase separation.
Remove the organic layer and filter it through about I g of anhydrous sodium sulphate into a conical centrifuge tube. Re-extract the remaining aqueous phase twice with 2 ml volumes of chloroform and wash the sodium sulphate with 2 ml of chloroform.
Evaporate the pooled organic extracts to dryness on a water bath at 40°under a stream of nitrogen. Wash the dried residues into the point of the tubes with chloroform and re-evaporate to dryness.
Chromatography
Dissolve the lipid residues in 50 p.I of chloroform and apply to the thin layers as a 8 mm line using a 10 p.l syringe. Wash the tube with two further 20 p.l volumes of chloroform and transfer these on to the chromatogram. Application of 40 p.g quantities of pure lecithin and sphingomyelin dissolved in chloroform may be made to the thin layers at this stage. These standards serve to check that separation has been effective and locate the lecithin band in the amniotic fluid extracts.
Develop the chromatogram for 8-9 ern and then ·Present address Department of Biochemistry, Darlington Memorial Hospital. Darlington. DL3 6HX.
dry off the solvents in a stream of air. Locate the phospholipids by spraying the plate with fluorescent indicator and inspection under U.V. (350 nm).
Lecithin quantitation
Scrape the silica gel containing the lecithin spot and two lipid-free areas of silica gel into pyrex tubes. Prepare a standard by adding 100 JLI of standard phosphorus solution to one of the lipid-free areas of silica gel, the remaining lipid-free silica gel serves asa blank.
Add 300 JLI of 5 mollI sulphuric acid and 100 JLI of hydrogen peroxide to each tube and heat at 180 0 in an oven for 30 min. Cool a little and add a further 100 JLI of hydrogen peroxide and reheat at 180 0 for 30 min. to complete digestion. After cooling add 1 ml of water to each tube, mix and centrifuge to pellet the silica gel.
Using a Marburg pipette, remove 500 JLI of the supernatant fluid from each digestion for inorganic phosphorus assay. To each supernatant add 500 JLI of ammonium molybdate solution and 50 JLI of reducing reagent. Heat the assay mixtures at 95 0 for 10 min., cool and read the optical densities of the solutions at 700 nm on a suitable spectrophotometer.
Under these conditions the concentration oflecithin in the amniotic fluid is given by:
RESULTS
Satisfactory separation of the phospholipids was found using the present solvent (Skipski et al., 1963) and thin layers without further activation of the silica gel. Rf values for various phospholipids obtained in a typical run are shown in Table 1 . Although there is a 'load effect' with phosphat idyl serine when silica gel G is used as a support media (Skipski et al., 1962) , phosphatidyl serine loads varying from 5-100 JLg had Rf values ranging from 0.60-0.82 respectively and did not interfere with the lecithin spots.
Initially phospholipids were located by exposure of the chromatograms to iodine vapour, this was found to be slow and inconvenient. A fluorescent location reagent described by Jones et al. (1966) was found to be more suitable and capable of detecting 2JLg of dipalmitoyl lecithin on the thin layer plates.
To establish a minimum time for the complete The relationship between inorganic phosphorus and absorbance under the present conditions was found to be linear up to 5 JLg of phosphorus. Amniotic fluids with lecithin concentrations up to 15 mgll 00 ml can therefore be assayed without using reduced quantities of digest.
To obtain information on the accuracy of the procedure the recovery of various quantities of dipalmitoyl lecithin from a pooled amniotic fluid originally containing 2.2 mg lecithin/loo ml was carried out. Recoveries of lecithin added to the equivalent of 2.5, 5.0 and 10.0 mg/lOO ml were 95, 88 and 91 % respectively.
The mean and standard deviation of amniotic fluid lecithin concentrations at various stages of gestation determined by the present technique are shown in Fig. I . These results show a similar pattern to those obtained by Bhagwanani et al. (l972a) , who eluted the phospholipids from the silica gel prior to digestion.
An indication of the precision of the technique was obtained by duplicate assay of amniotic fluids received by the laboratory for routine investigation. In Table 2 the results of lecithin determinations on 70 amniotic fluids are grouped according to their lecithin content and the standard deviation for each level calculated from the difference between duplicate results. 
DISCUSSION
mination of phospholipids in the presence of silica gel and found that 96-100% of lipid phosphorus could be recovered. The present method differs from that of Parker and Peterson in that only digestion takes place in contact with the silica gel and not colour development. This system permits volumes of digest to be taken which are suitable in phosphorus content for the colorimetric assay.
Complete digestion of phospholipids can be time consuming, for example Bartlett (1959) heated for a total of 4.5 h. We have found that 2 h were adequate for complete digestion and that a I h period converts over 95 % of the lecithin phosphorus to inorganic phosphate. Rapid digestion using perchloric acid was avoided for safety.
In order to save time a 1 h digestion time with sulphuric acid and hydrogen peroxide has been adopted in our laboratory. The results have been shown to be similar to those found by other methods and have been found suitable for clinical predictions. To reduce the time devoted to the assay still further, it has been arranged that the determination is performed only on specific days of the week, thus allowing a batch procedure to be adopted. The whole procedure however remains time consuming, 4-5 h being required for completion. Many recent methods are less demanding on time than the present procedure but require thin-layer scanning devices (Gluck et al., 1971 , Sarkozi et al., 1972 and do not quantitatively measure lecithin.
Several factors have been shown to influence the lecithin content of amniotic fluid and may produce misleading results. Decreases in the lecithin concentration have been found to occur with centrifugation of the specimen prior to analysis (Nelson, 1969) and on storage of specimens either at room temperature or frozen (Bhagwanani et al., 1972b) . The 
1------1:
The chemical determination of amniotic fluid lecithin has been simplified by using commercially available pre-spread thin-layer plates and avoiding elution of lecithin from the silica gel prior to digestion.
Simplification of the extraction procedure (Bligh and Dyer, 1959) by omitting the addition of water was attempted, but experience showed that it was important to follow the published method if clean, easily evaporated, extracts were to be obtained.
The technique for digestion of phospholipids without prior elution from silica gel has been used previously Phillips and Robinson, 1963) . Parker and Peterson (1965) investigated the digestion and colorimetric deter- phospholipid composition of serum is quite different to that of amniotic fluid (Biezenski et al., 1968) , any contamination with blood may therefore distort the phospolipid profile of the amniotic fluid. To minimise errors and standardise the technique we used only uncentrifuged amniotic fluids which were uncontaminated with blood or meconium and on which analysis could begin within 2 h of collection from the patient.
In this laboratory a lecithin concentration of 3.5 mg/loo ml has been taken as the minimum concentration correlating with foetal lung maturity (Bhagwanani et al., I972a) . Using this figure for interpretation of our results has proved successful. No case of respiratory distress syndrome has arisen from 90 pregnancies where the amniotic fluid lecithin was monitored and induction of labour delayed until the lecithin concentration had risen to above 3.5 mg/100 ml.
It is possible that the correlation between amniotic fluid lecithin concentration and foetal lung maturity could be masked in patients in whom either abnormally large or small volumes of amniotic fluid are present. This difficulty could possibly be overcome in two ways. Measurement of the lecithin/ sphingomyelin ratio may solve the problem. This technique, however, assumes that the amniotic fluid lecithin and sphingomyelin have different origins and that sphyingomyelin production is unaffected in pathological states. Recent work by Biggs et al. (1973) does, in fact, suggest that the sources of sphingomyelin and lecithin in amniotic fluid are different. A second approach is to measure the amniotic fluid volume at the time of amniocentesis to obtain the specimen for phospholipid determination. This would allow the total lecithin content of the amniotic sac to be calculated which may prove to be a more reliable index of lung maturation.
The present technique could be easily adopted to determine simultaneously both lecithin and sphingomyelin. We have avoided sphingomyelin determinations since in late pregnancy low concentrations are encountered which are difficult to estimate and possibly cause large errors in the lecithin/sphingomyelin ratio.
